NMDA channel to open, allows them to mediate coincidence detection during 85 simultaneous activity of pre-and postsynaptic neurons and time-locked Ca 2+ influx, often 86 needed for such plastic changes to occur (Nakazawa et al. 2004) . 87 NMDA receptors are heterotetramers comprised of NR1 and one or more of four 88 different NR2 subunits (NR2A-NR2D) (Thomas et al. 2006) . In addition to glutamate 89 binding, activation of NMDA receptors also requires occupation of their glycine binding 90 sites by an endogenous coagonist (Johnson and Ascher 1987; Kleckner and Dingledine 91 3 1987). NMDA receptors become activated when glutamate binds to NR2, while glycine 92 binds to NR1 subunits (Clements and Westbrook 1991; Kuryatov et al. 1994; Laube et al. 93 1997). Because glycine concentration in the cerebrospinal fluid is in a micromolar range 94 (McGale et al. 1977) , it was suggested previously that the glycine site might be saturated 95 by endogenous agonist under baseline conditions (Kemp et al. 1988 ). However, later 96 experiments demonstrated that glycine transporters at synapses in neonatal rat 97 hypoglossal motoneurons are capable of decreasing the concentration of glycine in the 98 synaptic cleft to subsaturating levels (Berger et al. 1998). Moreover, it has been shown 99 that both exogenously applied glycine and pharmacological blockade of glycine 100 transporter 1 could lead to potentiation of the NMDA receptor-mediated synaptic currents 101 in hippocampal (Wilcox et al. 1996; Bergeron et al. 1998 ) and prefrontal cortical neurons 102 (Chen et al. 2003) , indicating the lack of saturation of the NMDA receptor glycine site 103 under baseline conditions. On the other hand, the glycine site of the NMDA receptor at 104 the cerebellar mossy fiber to granule cell synapses was found to be saturated by 105 endogenous coagonist (Billups and Attwell 2003) . Taken together, these findings indicate 106 that specific features of synaptic organization could determine whether intrasynaptic 107 coagonist concentration could be lowered below the saturation level. It remains unknown, 108 however, whether synaptic activity-dependent release of endogenous coagonist of the 109 NMDA receptor glycine site may modulate the level of NMDAR activation when its 110 glycine site is not saturated. We therefore asked what the synaptic rules are which 111 determine degree of the glycine site occupation, and consequentially, NMDAR 112 activation. 113
The AMPAR EPSC amplitude was measured as the difference between the mean current 171 during a prestimulus baseline and the mean current over a 3 ms window at the peak of the 172 response. The NMDAR-mediated component of the EPSC was determined at a holding 173 potential of +40 mV as the difference between the baseline and the mean current over a 174 10 ms window measured 50 ms after the peak. The short trains of stimulation pulses were 175 delivered at a frequency of 0.125 Hz. To evaluate the locality of stimulation, the synapses 176 were preloaded for ~1 min with the styryl dye FM1-43 (Biotium, Richmond, CA immunostaining studies with antibodies against neuronal cell type-and glia-specific 204 markers (βIII tubulin and GFAP, respectively) (Fig. 1A) , indicating that a physical 205 substrate for neuronal-glial interactions may exist in our hippocampal cultures. To 206 evaluate whether the glycine site of the NMDA receptor is maximally activated by 207 endogenous coagonist in the absence of evoked synaptic activity, we tested the effects of 208 glycine added to the external medium on miniature excitatory postsynaptic currents 209 (mEPSCs). The NMDAR-mediated component of the mEPSC, as measured 15 ms after 210 the peak at a holding potential of +40 mV, was minimal without added glycine, 211
suggesting that the concentration of the endogenous coagonist in the medium was low in 212 the presence of tetrodotoxin (TTX, 1 μM) which blocked spontaneous action potential 213 firing, while exogenously-applied glycine produced dose-dependent enhancement of the 214 NMDAR-mediated synaptic responses (Fig. 1, B-D) . Glycine was effective in 215 concentrations as low as 100 nM (n = 5, t test, P < 0.001 versus mEPSCs in medium 216 without added glycine), with 1 μM glycine producing saturated NMDAR mEPSCs (n = 7, 217 P = 0.7 for the effects of 1 μM versus 10 μM glycine, n = 4). The addition of glycine to 218 the external medium had no effect on the AMPA receptor mEPSCs recorded at -70 mV 219 (Fig. 1, B and C) . Consistent with these observations, the ratio of synaptic conductances 220 (see Methods) at positive (G 40 mV ) and negative (G -70 mV ) holding potentials progressively 221 increased as a function of glycine concentration (Fig. 1D) . Thus, the glycine site of the 222 NMDA receptor is not saturated by endogenous coagonist under baseline conditions 223 We found that the G 40 mV /G -70 mV ratio of mEPSCs in hippocampal cultures was close to 237 1, both in the absence or presence of the NMDA receptor antagonist APV (50 μm) (n = 6; 238 greater G 40 mV /G -70 mV ratio of 1.75 ± 0.33 (n = 13, P < 0.05 versus mEPSCs), which was 242 reduced to ~1 by APV (Fig. 2, B and D) . Finally, the high level of synaptic activation, 243 provided by spontaneous burst EPSCs, was associated with the largest increase in the 244 NMDA receptor-mediated component of synaptic responses (2.4 ± 0.13, n = 22, P < 0.05 245 versus EPSCs obtained with paired recordings), also blocked by APV (Fig. 2, C and D) . 246 We probed the level of activation of the NMDAR glycine site by endogenously-247 released coagonist under different patterns of synaptic activity by calculating the 248 G +40mV /G -70mV ratio before and after addition of a saturating concentration of glycine 249
(1 μM, Fig. 1C ) (R con and R glycine , respectively) in all three experimental groups (see 250 above). Consistent with the notion that the higher levels of synaptic activity may lead to 251 the enhanced occupation of the NMDAR glycine site due to release of endogenous 252 coagonist, thus partially occluding the effects of exogenously applied glycine, the 253 R con /R glycine ratio was found to be the lowest under conditions of low synaptic activity 254 (mEPSCs) and the largest during the burst EPSCs (Fig. 2, A-C and E) . Interestingly, even 255 with the strongest synaptic input, the NMDA receptor glycine site was still unsaturated, 256
as even the largest synaptic responses still could be potentiated by exogenous glycine 257 (although to a significantly lesser extent). Thus increased synaptic recruitment during 258 bursting could result in a higher concentration of endogenous co-agonist, leading to a 259 higher degree of NMDAR activation. To test this possibility, we studied the relationship 260 between the G 40 mV /G -70 mV ratio of burst EPSCs and the size of the burst. The size of the 261 burst EPSC and the NMDA receptor current were monitored with simultaneous whole-262 cell recordings from two neurons within the network, with one neuron held at a holding 263 potential of -70 mV, while the second recorded neuron was depolarized to +40 mV ( the presence of synaptic frequency facilitation. However, the normalized EPSC size has 320 increased disproportionally when the EPSCs were recorded without APV in the external 321 medium. As frequency facilitation equally affects the amplitude of the AMPA and 322 NMDA receptor-mediated components of the EPSC, the latter finding suggests that 323 activation of NMDA receptors was enhanced in the course of repetitive stimulation (Fig.  324 3, F and G; n = 11, ANOVA, P < 0.001 for control versus APV). When the NMDAR 325 glycine site was maximally occupied by glycine (10 μM) added to the medium, this 326 disproportional increase in the EPSC charge transfer was diminished ( currents recorded at -70 mV were largely mediated by AMPA receptors, while at +40 mV 340 they resulted from the activation of both AMPA and NMDA receptors (Fig. 4, A and B) . by very short iontophoretic pulses of glutamate in the absence of added glycine did not 344 exhibit the NMDAR-mediated component at +40 mV (Fig. 4A, top traces) . However, 345 longer pulses of glutamate resulted in the appearance of a slower decaying phase, blocked 346 by APV, and therefore mediated by NMDA receptors. The addition of glycine to the 347 control external solution resulted in potentiation of the NMDAR currents (Fig. 4A,  348 bottom traces). The amplitude of the NMDAR-mediated component increased 349 monotonously with the duration of iontophoretic glutamate pulses (Fig. 4C) Next, we explored whether the glutamate-induced release of coagonist might be 357 restricted to a group of closely located synaptic inputs. We found that long iontophoretic 358 pulses of glutamate, while producing large NMDAR-mediated currents at +40 mV, did 359 not lead to the appearance of the NMDAR component of mEPSCs recorded in the same 360 experiment over 4-s window following the evoked response (Fig. 4, D-F ; n = 5, 361 significant effect of APV on G +40mV / G -70mV ratio for iontophoretic EPSCs, P = 0.01; but 362 no effect of APV on G +40mV /G -70mV ratio for mEPSCs, P = 0.4). As mEPSCs originate 363 from many synaptic inputs, the majority of which is not directly affected by the 364 intophoretic pulses of glutamate, these findings further support the notion that transient (Fig. 6, A-C and E) 
